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SKIN TREATMENT SYSTEM

CLAIM OF PRIORITY

This application claims priority to, and the benefit of the

carlier filing date of, that patent application filed on Mar. 14,

2013 and afforded Ser. No. 13/823,616 and 1ssued as U.S.
Pat. No. 9,724,160, which 1s a National Stage Entry of

PCT/IB11/54376, filed on Oct. 5, 2011, the contents of all of
which are incorporated by reference, herein.

FIELD OF THE INVENTION

The present invention relates in general to a skin treat-
ment system, especially a hair removal system, on the basis
of mtense pulsed light. In the following, the present inven-
tion will be specifically explained for a hair removal system,
but the gist of the imvention can be more generally applied
in skin treatment systems.

BACKGROUND OF THE INVENTION

The desire to remove (human) body hair 1s quite old, and
many systems have been developed for meeting this desire.
For instance, there are mechanical systems operating on the
basis of mechanically cutting or pulling out the hairs. A more
recent development 1s applying light pulses of a high inten-
sity to a portion of the skin where the hair 1s to be removed.
This technique 1s known per se, so that an elaborate expla-
nation may be omitted here. Suflice it to say that light energy
1s absorbed 1n the skin and destroys the follicles so that the
hair will fall out. An advantage 1s that the hair removal 1s
more permanent: 1t takes longer before hairs return, or they
do not return at all. By way of example of prior art, reference
1s made to U.S. Pat. No. 5,735,844.

In the system described in said prior art document, the
intense light pulse 1s generated by a laser device. This,
however, requires the use of laser. The present invention 1s
specifically related to a hair removal system comprising a
flashlamp as the light source.

SUMMARY OF THE INVENTION

In light pulse hair removal systems, there 1s a problem
relating to temperature. In the case of flashlamps, the light
pulse contains energy in a relatively wide spectral region,
but not all spectral portions contribute to the destruction of
hair follicles to the same extent. Thus, energy 1s invested in
light frequencies that are not eflective or not sufliciently
cllective 1n the process of hair removal. Further, not all
energy 1s absorbed 1n the skin.

Further, 1t has been found that people respond differently
to the light treatment, possibly caused by differences in skin
characteristics. People who have a more sensitive skin type
may, 1 general, experience a pain sensation already in
circumstances where other persons do not.

Generally speaking, 1t 1s possible to divide the energy in
a light pulse into three portions: 1) reflected by the skin; 2)
absorbed by the skin but not eflective 1n hair removal; 3)
absorbed by the skin and eflective in hair removal. Further,
there will also be an energy loss 1n the conversion from
clectrical power to light power, which, together with the
rejected light energy, will contribute to heating the apparatus
or parts of i1t. The energy absorbed in the skin will cause a
temperature rise 1n the skin. Now, on the one hand, the
energy mput into the skin should be sufliciently high to
cause the destruction of the follicles and hence the falling
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out of hair, but on the other hand the thermal eflects should
be limited so as to prevent or 1n any case limit possible pain
sensations.

More 1n general, there 1s a desire to limit energy con-
sumption while retaining or even improving the hair
removal efliciency.

When operating a hair removal system with a flashlamp,
the light pulse 1s typically generated by discharging a
capacitor, resulting 1 a pulse-shaped current through the
lamp. The present mnvention 1s based on the insight that the
momentary frequency spectrum of the light generated by the
flashlamp depends on the momentary current density 1n the
flashlamp, and further that the momentary current density
varies with time, first quickly rising to a maximum and then
slowly falling back to zero. The present mventors have
realised that, with time, the reducing current density 1n the
lamp causes the spectral distribution to gradually shiit to
higher frequencies. Based on this understanding, in one
aspect of the present invention, the current pulse 1n the lamp
1s interrupted when the current density in the lamp drops
below a certain level.

In another approach, the current intensity 1s set to be
relatively high, and the current pulse in the lamp i1s inter-
rupted when the total energy applied to the skin reaches a
predetermined maximum value.

Further advantageous elaborations are mentioned in the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, features and advantages of the
present invention will be turther explained by means of the
tollowing description of one or more preferred embodiments
with reference to the drawings, in which same reference
numerals mdicate same or similar parts, and 1n which:

FIG. 1 schematically shows an electrical block diagram of
a skin treatment system;

FIG. 2 1s a graph showing lamp current density as a
function of time for an uninterrupted free discharge;

FIG. 3 1s a graph showing an energy spectrum of a xenon
flash lamp;

FIG. 4 1s a graph schematically illustrating the spectrum
shift during discharge;

FIG. 5 1s a graph comparable to FIG. 4 for the situation
where the current i1s cut 1 accordance with the present
invention;

FIG. 6 1s a graph comparable to FIG. 5.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

FIG. 1 schematically shows an electrical block diagram of
a skin treatment system 1 according to the present invention,
comprising a flashlamp 2. The flashlamp 2 1s a discharge
lamp, including a gas-filled vessel with two electrodes, as
known per se. Although other types of flashlamps are
possible, the flashlamp 2 typically 1s a xenon discharge
lamp. A discharge capacitor 4 1s mounted in parallel with the
lamp 2, with a controllable switch 5 arranged in a current
path between the lamp 2 and the capacitor 4. The capacitor
4 1s supplied from a power source 3, typically a voltage
source. The controllable switch 5 1s controlled by a control
device 6, for instance a microprocessor or the like.

FIG. 2 1s a graph, showing lamp current density as a
function of time, for i1llustrating prior art operation of such
a tlash lamp. First, the capacitor 4 1s charged from the source
3. The switch 5 1s open (1.e. non-conductive). At a certain
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moment t0, the control device 6 closes the switch 5 and an
1gnition circuit (not shown) causes 1gnition of the lamp. With
the lamp 1gnited, the capacitor can discharge its energy over
the lamp (discharge operation). The current density quickly
rises to a maximum M, that is reached at time t1, and then
slowly, exponentially, falls back to zero, which situation 1s
reached at time 2. In theory, with a true exponential decay,
the level of zero 1s never reached, but in practice the
discharge extinguishes when the current drops below a
mimmum level required for maintaining the discharge. The
moment when this happens will be indicated as “natural
extinction time”.

For repeating the above cycle, the switch 5 1s first opened
again so as to allow the capacitor 4 to be charged again. If
desired, a second controllable switch may be arranged 1n the
connection between voltage source and capacitor, which 1s
only closed for charging the capacitor, but this 1s not shown
for the sake of simplicity.

The precise values of t1 and t2, and the precise value of
the current maximum M, depend inter alia on the precise
characteristics of the lamp (such as gas filling, size), of the
capacitor (such as capacitance), of the current discharge loop
(resistance, inductance, capacitance) and of the power
source (such as charge voltage).

It has been established that, in order to avoid undesirable
cllects such as pain or a burning sensation, the total amount
of energy applied to the skin should not exceed a predeter-
mined maximum E, . which maximum may depend on skin
type. Typical values for such a maximum are in the range of
3-6 Joule/cm”. In the prior art design of a skin treatment
system, the capacitor 4 1s selected, depending on the type of
lamp 2, such that in a free, uninterrupted discharge (see FIG.
2, from t0 to t2) the total amount of energy applied to the
skin does not exceed said predetermined maximum E,,. A
system according to such design will be indicated as a
“nominal” system. With reference to FIG. 1, 1t 1s noted that
the system, when the capacitor 4 has been charged to a
voltage V, provided by the source 3, contains an energy Ec
according to the formula Ec=0.5-CV,*, with C being the
capacitance of the capacitor 4. When the capacitor has
discharged completely at time t2, this energy has been
inputted 1nto the lamp, and the lamp has applied this energy
to the skin. This applies 1 losses may be 1gnored, which in
practice 1s not realistic: in practice, only a certain percentage
of the electrical energy 1s actually applied to the skin. Thus,
in a formula, this may be approximated as E .~c.-Ec, with
a expressing the ratio between electrical discharge energy Ec
and energy E .., applied to the skin. In the following, for

the sake of explanation, 1t will be assumed that a 1s constant.

It follows, 1n the nominal design, that
Exn=E,~0-0.5-C,V,".

The discharge current will cause the lamp 2 to generate a
pulse of intense light, as 1s known per se. The generated light
1s not monochromatic, but contains contributions 1n a large
spectral region. FIG. 3 1s a graph showing an illustrative
energy spectrum of an exemplary xenon flash lamp. The
vertical axis represents the total amount of energy (arbitrary
units) emitted by the light pulse at a certain wavelength
(horizontal axis, in nanometers).

FIG. 3 also shows that, for hair removal, basically four
spectral regions can be distinguished, it being noted that the
exact borderlines are not sharply defined:

a first region 1 1s the spectral range from roughly about

550 nm to roughly about 7350 nm, that contains the

wavelengths useful for epilation;
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a second region II 1s the spectral range from roughly about
750 nm to roughly about 9350 nm/1000 nm, that con-
tains the wavelengths that are still useful although to a
lesser extent;

a third region III 1s the spectral range from roughly about
950 nm/1000 nm and higher: these are Wavelengths that
are actually undesirable because they have less effect in
the follicle destruction but can cause harmiful eflects
such as pain and/or burning;

a Tourth region IV 1s the spectral range from roughly about
530 nm and lower: these are wavelengths that are
actually undesirable because they can easily cause

damage to the skin.

It can be seen that the energy spectrum of the light pulse
from a xenon lamp has emission lines 1n the second region;
a Turther emission line at about 1400 nm 1s not shown 1n this
graph.

The spectrum shown 1n FIG. 3 1s the overall spectrum, 1.¢.
integrated over time from t0 to t2. However, since the
spectrum depends on current density while the current
density varies with time, also the spectrum varies with time.
Roughly, 1t can be said that the relative energy distribution
in the spectrum 1s concentrated at shorter wavelengths for
higher current densities, and 1s concentrated at longer wave-
lengths for lower current densities. This phenomenon 1is
known per se, and 1s for instance 1illustrated 1in FIGS. 11-14
of US patent application 2005/0177141. In this document,
the current density in the lamp 1s controlled in order to
obtain a desired energy spectrum depending on skin type of
the treated person.

In the case of the present invention, the current density 1n
the flashlamp 1s not controlled but develops itself in a free
discharge, as illustrated in FIG. 2. FIG. 4 1s a graph
comparable to FIG. 2, also illustrating schematically the
shift of the spectral energy distribution as a function of time
during the current pulse, and illustrating that this shift 1s 1n
synchronisation with the momentaneous current density 1n
the current pulse. While the graph 1s just schematical, 1t can
be seen that, with time, this energy distribution shifts to a
region where the beneficial effect of hair removal 1s reduced
and potentially harmiul effects are increased. Further, since
the aim of the apparatus 1s hair removal, the energy in the
spectral region not contributing to hair removal 1s basically
wasted energy. Further, the high energy consumption leads
to heating of the system components and calls for cooling
systems ol increased capacity.

The improvement proposed by the present invention
basically 1s a surprisingly simple measure: the discharge 1s
interrupted before the natural extinction time t2 1s reached.
Consequently, 1t 1s avoided to generate light associated with
the lower current levels that would have occurred after the
interruption moment: all energy output 1s dedicated to the
higher current levels before the interruption moment.

For a system of nominal design, the invention 1s 1mple-
mented such that the control device 6 opens the switch 5
when the current density drops below a threshold level Ix,
which happens at a time tx before t2. This 1s 1llustrated in
FIG. 5, which 1s a graph comparable to FIG. 4. As a result
of the sw1tch 5 being opened, the current 1s immediately cut
down to zero and the light pulse 1s immediately ended.
According to the invention, the discharge current 1s allowed
to continue as long as the spectrum of the generated light
contains suflicient energy 1n the beneficial regions 1 and 2,
and 1s discontinued when the energy 1s mainly spent 1n
region 3. Thus, the waste of energy 1s mimmized, cooling
requirements are reduced, and pain sensation 1s reduced.
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The precise value of Ix 1s not critical, even for one specific
skin treatment system, 1.e. a specific combination of lamp,
capacitor and charging voltage. When making some assump-
tions, 1t will be possible to define an optimum value for Ix,
but this optimum may be different for different systems.
Further, such optimum value may differ for different skin
types, and the control device 6 may be provided with a user
iput device 7, for instance a rotating knob or a press button,
for mputting a skin type, and the control device 6 may
amend 1ts interruption settings on the basis of the mnputted
skin type.

Further, an embodiment of the system according to the
present 1nvention comprises current density measuring
means, but 1 practice 1t may be diflicult for the control
device to actually measure the current density and to switch
ofl the current when the current density passes the densrty
threshold. Therefore, in another embodiment which 1s easier
to 1mplement, the system comprises a current sensor for
sensing the lamp current, and the control device calculates
the current density using data relating to the lamp or,
alternatively, the current density threshold 1s translated to a
threshold for the lamp current magnitude for the specific
lamp. In yet another embodiment which 1s even easier to
implement, the system comprises time measuring means and
the control device momitors the time lapsed since t0 (or since
t1) and opens the switch 5 to switch ofl the current at time
X.

Time tx can be calculated 1n advance by the manufacturer,
by measuring the lamp current as a function of time, and (?)
converting the lamp current to current density on the basis
of knowledge of the lamp design. From a basic relationship
between current density and spectrum, the manufacturer can
decide at which current level he wishes to cut the current,
and from said measurements he can find the corresponding
time tx.

On the other hand, 1t 1s also possible, 1n a specific system
configuration, to perform an experiment by varying the
cutoll time tx and measuring the resulting overall treatment
spectrum. By deciding which spectrums are acceptable and
which spectrums are not, a choice for tx results. The precise
criterion used to decide which spectrums are acceptable and
which spectrums are not may depend on the individual
manufacturer. For a possible criterion, 1t 1s possible to
determine the momentary energy contents 1n a first spectral
region, for instance the region 550-950 nm, and to determine
the momentary energy contents in a second spectral region,
for instance the region of 950 nm and above, to calculate the
ratio between these two measured contents, and to cut the
current when the ratio 1s above a certain value, for instance
50%, 1n favor of the second region.

In any case, while 1t may be possible to define an optimal
moment for cutting the current, 1t 1s noted that the present
invention already provides an advantage if the current 1s cut
at any time between t1 and t2. Further, the inventors have
tested some practical combinations of xenon lamp, capacitor
and charging voltage, and found that 1n all of the tested
combinations the optimal cutting moment tx was in the
range between 1.5 ms and 2.0 ms, so even without perform-
ing experiments 1t seems justified to select tx 1n said range.

In another elaboration, the present invention provides a
system of supra-nominal design, meaning that, as compared
to the nominal design of FIG. 2 and FIG. 4, the current level
1s higher and the natural extinction time t2' 1s later than time
t2 indicated 1 FIG. 2. Starting from the nominal design
explained above, a supra-nominal design can be obtained by
increasing the capacitance value of the capacitor 4. This
increased capacitance value will be indicated as C,. It should
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6

thus be clear that, 1f the capacitor were allowed to freely
discharge over the lamp, 1.e. until natural extinction time t2',
the energy E .- input into the skin would be higher than the
assumed maximum E,,. In this system of supra-nominal
design, according to the present invention, the control device
6 opens the switch 5 so as to interrupt the discharge at a time
t. earlier than the natural extinction time 12 of the nominal
design, wherein the interruption time t,. 1s set such that the
total amount of energy E.- applied to the skin 1s smaller

TJ 1

than, or equal to, the maximum amount E, .

This mode of operation 1s illustrated in FIG. 6, which 1s
comparable to FIG. 5. Curve 61 indicates the lamp current
(or current density) as a function of time (arbitrary units).
The dotted line indicates the current for the comparable
nominal design of FIG. 2 and FIG. 4. It can be seen that,
after the current maximum M, the current 1s higher than 1n
the nominal design. In fact, even the current maximum 1tself
may be higher, but this 1s not shown. Curve 62 indicates the
accumulated energy E , applied to the skin as a function of
time; basically, curve 61 1s proportional to the derivative of
curve 62. In this example, the applied energy E , equals the
maximum energy E, . at time t.. At that moment, the dis-
charge current 1s cut ofl, so that the light input into the skin
becomes zero.

In this method according to the present invention, it 1s
assured on the one hand that the maximum allowable energy
input mnto the skin 1s not surpassed, while on the other hand
the discharge in the lamp 1s executed with increased current
so that, during the light flash, the light mainly consists of
useiul wavelengths and the proportion of unuseful or even
harmiul wavelengths has been reduced. Since there 1s a
higher output of “useful” frequencies, a more eflective hair
removal results.

In one possible embodiment of the present invention, the
control device 6 1s provided with a current sensor (not
shown) to sense the lamp current as a function of time, and
perhaps even a voltage sensor (not shown) to sense the lamp
voltage as a function of time so as to be able to calculate
lamp power as current multiplied by voltage. In a memory
8, the control device 6 has information defining the energy
maximum E, . During operation, the control device 6 moni-
tors the energy E , outputted by the lamp as a function of
time, by integrating the calculated lamp power (1.e. mea-
sured current multiplied by measured voltage or measured
current multiplied by an assumed fixed lamp Voltage Value)
over time, and compares this with the energy maximum E
When the control device 6 finds that the applied energy E
reaches the maximum E, , it opens the switch 5.

In another embodiment, the control device 6 1s provided
with a voltage sensor (not shown) to sense the capacitor
voltage as a function of time. At all times during discharge,
the momentary capacitor voltage V, corresponds to the
amount of energy E, remaining in the capacitor in accor-
dance with E,=0.5 V .C?, and thus the applied energy E
can easily be Calculated as E =E .-E..

In yet another embodlmentj in an experimental stage, the
manufacturer of the system performs tests to determine the
time t. when the applied energy E , reaches the maximum
E, . Information defining this time is stored 1n a memory 8.
During operation, the control device 6 simply monitors the
time and opens the switch 5 when the time reaches t..

In all of said embodiments, it 1s possible that the system
comprises a user mput device 7 for allowing a user to mput
a signal indicating a skin type, while 1n the memory 8 data
are stored corresponding to the respective skin types. On the
basis of the skin type mput received, the control device 6
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retrieves the corresponding information from memory 8.
Otherwise, operation 1s the same as described above.

It should be clear that the invention thus provides a saving
in energy. Since the capacitor 1s not fully discharged,
recharging the capacitor can be done faster and/or the
requirements for the charging voltage source are reduced.
Further, because the energy consumption i1s reduced, less
energy 1s converted into heat.

Summarizing, a method of operating a tlashlamp 1n a skin
treatment system comprises the steps of establishing a
conductive path between the flashlamp and a charged
capacitor causing a Iree discharge within the flashlamp, and
interrupting said conductive path such as to cut off the
current through the lamp when the current density drops
below a predetermined current density threshold level or
when the energy applied to the skin reaches a certain
maximum.

While the mvention has been illustrated and described in
detail 1n the drawings and foregoing description, it should be
clear to a person skilled in the art that such 1llustration and
description are to be considered illustrative or exemplary
and not restrictive. The mnvention 1s not limited to the
disclosed embodiments; rather, several variations and modi-
fications are possible within the protective scope of the
invention as defined 1n the appending claims.

Other vanations to the disclosed embodiments can be
understood and efiected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude
a plurality. A single processor or other umit may fulfill the
functions of several items recited m the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage. Any reference
signs 1n the claims should not be construed as limiting the
scope.

In the above, the present invention has been explained
with reference to block diagrams, which illustrate functional
blocks of the device according to the present invention. It 1s
to be understood that one or more of these functional blocks
may be implemented in hardware, where the function of
such a functional block 1s performed by 1individual hardware
components, but 1t 1s also possible that one or more of these
functional blocks are implemented in software, so that the
function of such one or more functional blocks 1s performed
by one or more program lines of a computer program or a
programmable device such as a microprocessor, microcon-
troller, digital signal processor, eftc.

What 1s claimed 1s:

1. A skin treatment method comprising the steps of:

charging a capacitor to a known level of energy capacity;

discharging the capacitor through a flashlamp at a first
time, wherein said capacitor discharge initiating the
flashlamp to output a light to a skin surface,

monitoring an eilect of an application of said light on the
skin surface; and

interrupting the discharge of the capacitor through the
flashlamp based on achieving a desired application of
said light on to the skin surface.

2. The method according to claim 1, wherein said desired

application of light comprises:

a spectrum of the outputted light possess insuflicient
energy 1n a desirable frequency region associated with
said skin treatment.
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3. The method according to claim 1, wherein said desired
application of light comprises:

a current density of the discharge of the capacitor through
the flashlamp causing insuilicient energy in a desirable
frequency region of the outputted light.

4. The method according to claim 1, wherein said desired

application of light comprises:

a maximum desirable energy applied to said skin surface.

5. The method according to claim 1, further comprising,
the steps of:

recerving a skin type from an mmput device; and

adjusting said desired application of light based on the
received skin type.

6. The method according to claim 5, wherein said input
device comprises at least one of: a rotating knob or a button
press.

7. The method according to claim 1, further comprising:

discharging the capacitor, through the flashlamp, using a
switch.

8. The method according to claim 7, interrupting the
discharge of the capacitor through the flashlamp using the
switch.

9. A hairr removal treatment system comprising;

a flashlamp;

a capacitor connected 1n parallel with the flashlamp;

a power source configured to charge the capacitor to

achieve a known energy (Ec);

a controllable switching device configured to:
provide an electrical connection between said flash-

lamp and said capacitor;

a control device configured to:

connect the capacitor to the flashlamp, using the
controllable switching device, after said known
energy (Ec) stored in said capacitor i1s achieved,
said connection to the capacitor representing a
start time, (t0) to discharge the capacitor through
the flashlamp, said discharge mnitiating the flash-
lamp to output a light to a skin surface; and

disconnect the capacitor from the flashlamp, using
the controllable switching device, to cut oif the
discharge of the capacitor through the tflashlamp
after an appropriate application of said light to
said skin surface has been achieved.

10. The system according to claim 9, wherein said appro-
priate application of light comprises:

a spectrum of the outputted light having insuflicient
energy 1n a desirable frequency region associated with
skin treatment.

11. The system according to claim 9, said appropnate

application of light comprises;

a current density causing insuflicient energy in a desirable
frequency region of said outputted light associated with
skin treatment.

12. The system according to claim 9, said appropriate

application of light comprises:

an energy applied to the skin surface being greater than a
maximum desirable energy.

13. The system according to claim 9, wherein the flash-

lamp 1s a xenon lamp.

14. The system according to claim 9, wherein the con-
trollable switching device comprises:

a first switch configured to connect the capacitor to the

flashlamp.

15. The system according to claim 14, the control device
configured to:

alternate a position of the first switch from one of: a first
position and a second position.
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16. The system according to claim 15, wherein the first
position 1s a closed position and the second position 1s an
open position.

17. The system according to claim 9, wherein the control
device comprises:

a memory configured to:

store said an amount associated with said appropriate
application of light.

18. The system according to claim 9, further comprising:

an 1mmput device configured to:

receive a skin type.

19. The system according to claim 18, wherein the appro-
priate application of light 1s based on the received skin type.

¥ oH H ¥ ¥
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